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SECTION II.—GENERAL METEOROLOGY.

THE REGION OF GREATEST SNOWFALL IN THE UNITED
STATES.

By Anvvrew M. PALMER, Assistant Ohserver.
{Dated: Weather Bureau, San Francisco, Cal., Apr. 13, 1915.)

DEEP SNOWFALLS.

California, usually thought of as a land of fruit, sun-
shine, and flowers, alse has within its borders the region
of greatest snowfall in the United States. The apparent
anomaly is explained by the fact that this State (second
in size in the Union) is an empire in itself. Variety is
the keynote in all of its physical features, and extreme
variety is noticeable in the climate of its various parts.
For example, during the year 1913 a temperature of
—21°F. was recorded at Alturas on January 23, while
a temperature of +134°F. occurred at Greenland Ranch
on Ju{y_ 10. Moreover, during that same year no meas-
urable amount of rain occurred at Bagdad, Cal., while
in the northern part of the State 100 inches of precipi-
tation occurred. Twelve regular and 235 cooperative
stations of the United States Weather Bureau are now
in operation within the State of California. They ex-
tend vertically from Mecca, 185 feet helow sea level,
to Bishop Creck, 8,500 feet above sea level. It is doubt-
ful if any other State can afford a variety of climato-
logical data equal to that recorded at these stations.

hough there may be a greater average seasonal
snowfall in some of the uninhabited and unstudied por-
tions of the United States, the records obtained in the
high Sierra Nevada of California have not been excecded.
Particularly is this true of the region adjacent to the
line of the Southern Pacific Railroad which conncets
Sacramento, Cal., with Reno, Nev. Throughout many
square miles in the Sierras traversed by this line wore
than 100 inches of unmelted snow falls every winter,
making it the region of heaviest known snowfall in the
United States. The Snow and Ice Bulletin published
weekly by the Weather Bureau throughout the winter
does not include data from this region, as it does not
attempt to show the depth of the snow in the moun-
tains except as reported by the regular Weather Bureau
stations. The average seasonal snowfall and the aver-
age annual precipitation for 19 of the cooperative sta-
tions located in this region of cxcessive snowfall are
given in Table 1.

As indicated 1 Table 1, the snowfall stations are all
located at high levels. Those located on the castern
slopes of the mountains are drained by streams which
empty into mountain lakes. Those on the western slopes
are in the watersheds of streams all of whose waters
eventually reach San Francisco Bay via the Saeramento
and San Joaquin rivers. At most of these stations the
average annual precipitation is moderate to heavy.
During 1904, 136 inches of precipitation was recorded
at Bowmans Dam, while in 1909, 141 inches oceurred at.
La Porte.  While the summers are relatively dry and the
winters relatively wet throughout the State of California,
the scasonal periodicity is less marked in the mountaing
than elsewhere, Though thunderstorms are not often

experienced along the immediate coast, they occur occa-
sionally in the higher parts of the State and furnish what
little rain falls during the summer half-year. It is ap-
parent from Table 1 that up to a certam height there
15 an increasc in the total annual preeipitation with
inerease of elevation. Preeipitation records covering 40
years are now available at stations extending along the
line of the Southern Pacitic Company from Sacramento,
whaose elevation is 71 feet and mean annual precipitation
19.40 inches, to Summit, whose elevation is 7,017 feet
and mean annual precipitation 42,07 inches. These show
that up to a height of about 6,500 feet there is an average
merease of about 0.9 inch of rainfall with every 100 fect
increase of height above sea level, the rate of inerease
heing greatest between the 3,000- and 4,000-foot levels.
Beyond the 6,500-foot level the rate of inerease becomes
negative; that is, the mean annual precipitation decreases
with height. It should be added that these mountains,
though regions of heavy rainfall and excessive snowfall,
are not perpetually covered with snow. On the highest
peaks the snow disappears in May or June, and usually
does not reappear until Oectober.  Snowstorms - ocea-
sionally oecur late in the spring, however. For example,
18 inches of snow fell at Blue Canyon on May 6, 1890.

TABLE L.—Arerage scasonal snowfull and average annual precipitation
at high stutions in northern Calijornia.

Feet | Num-| ag an-
above | her of | sea- | nual

Station. County. Watershed. sen | veurs’ | sonal | pre-
level. [record.| snow- | eipi-
fall. | ta-
' tion
Bishop Creek.......... Mountain lakes_.... 8,500 ]
Bloe Canyon . . Sacramento......... . 4,093 14
Doea. . ......... Monntain lakes_ . ... 5,531 b ]
Eowinans Dam. 17
Ciseo. .. 33
Crovkers.. 4
Emigrant PR
Vordyee Dam. U . L; 4 2.4
Gireenville. . .. 60 1S 1002 | 4,0
Luke Eleanar. 4,700 G laN.e L
Luke Spaulding . 4,000 17 [ 228.5 | "85
! &, LHH) 17 ) 2543, S0.2
Oniney ... 3,400 IS | Toon i 484
Sumroerdale 5,200 13 | 141.9{ 55.1
Summit. ... - Racram 7.7 1174196 | 48,1
Susanville .+ Mountsin lukes. ... 4,165 220 N7 LS
Tamarack SSan Joagquin, ..o N, 1M 81823 .3
Truckee. . . .| Mountain lakes.. ... 4,819 35 | 105.1 | 27.1
Yosemite.............. * Mariposu. .| San Joaguin. . _..... 3.945 S 1.9 | 386

Tt the records of a single station for one winter are con-
sidered, it is doubtful if greater seasonal snowfalls have
been recorded in this country than those presented in
Table 2 below.

TABLE 2.-—Some maxiwoun winter snowcfulls.

Place. Depths.

|
| Meters.,
Summis, Cal. (Donner post oflive) 11 =0

0.
Tamarack,
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To the average reader the enormity of these figures
is perhaps best realized when he translates them to feet.
Partly because of the length of the record and partly
because of the extreme depth of snow, the seasonal snow-
fall for Summit, Cal., for a period of 44 years is repro-
duced herewith in Table 3. An idea of the winter land-
scape at Summit may be had from figure 7 opposite.

TABLE 3.—Seasonal snowfall at Summit, Cal.

[Lat., 39° 19’ N..; long., 120° 10’ W. Elevation, 7,017 feet.]

Winter. Snowfall. Winter. Snowfall. : Winter. =nowfall
I

Inches. Inches, Inches.
1870-71 300 15885-%6 452 1900-1901 +0
1871-72 550 1886-87 422 101- 2 373
1872-73 334 345 1002- 3 407
1873-74 200 261 1903- 4 434
1874-75 284 776 1904~ 5 375
15875-76 525 335 1905- 6 514
1876-77 178 380 1004 7 G2
1877-78 341 [ 1907- 3 340
1878-79 446 511 1005 9 142
1879-%0 73 (B 169049-10) 342
1380-81 154 544 1910-11 563
1881-82 492 560 1911-12 iy
1882-83 29 262 1912-13 28
1383-84 482 481 [ 1913-14 A7

- 1884-S5 202 1599-1900 108
Average 410, 6

Furnishing, as it does, most of the water that is uscd
for irrigation purposes in California, the snow of the high
Sierras is sometimes aptly referred to as the life hlood
of the State. The farmer is greatly intervested because
he wishes to know in advance how much water there is
available to grow the coming season’s crops. The
hydraulic engineer, using water for power purposes, is
interested for obvious reasons. The hydraulic miner also
was until recently interested in the amount of snow.
The railroad engineer, concerned with the maintenance
of way, is also involved, as the task of keeping a track
clear under conditions of such excessive snowfall is not
an easy one. (See figs. 2, 6, 10, 12, opposite p. 218.) To
the average visitor to this region, however, the amount
of snow on the ground is a most imnpressive sight. Based
upon the records of the past nine years, the average
amount of snow on the ground at three selected stations
is given in Table 4.

TABLE 4.—Average amount of snow on ground at threc California
stations on the dates mentioned.

FOrdy - X
Dates. T | Summis | Tamarak
(6,500 ft.). (o017t | oS0 L),
I'nches. Inchs. Inches.
b [ 19
27 20 40
42 44 2
i N2 11
S8 122 165
04 126 155
99 127 187
100 140 194
101 118 192

THE MEASUREMENT OF SNOW.

It is not the purpose of this paper to discuss the merits
of the various methods of measuring snow. For a dis-
cussion of that subject the reader is referred to Weather
Bureau instrument division Circular E, entitled “Meas-
urement of Precipitation,” by Prof. C. F. Marvin. [t is
sufficient to say that the accurate measurement of pre-
cipitation falling in the form of snow is an exceedingly
difficult problem, and one which has not yet been satis-
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factorily solved. Particularly is this true when the
snowfall is heavy. It should therefore be borne in mind
that some of the snow data here given are subject to cor-
rection. The depths of snow quoted herewith are in
inches of unmelted snow. Permaneatly installed stakes
bearing snow scales marked in inches ave used at Summit,
Cal., and at Blue Canyoun, Cal., the lengths of these scales
being 20 feet and 12 feet, respactively. At Blue Canyon
the El’ept-h of newly fallen snow is also measured by means
of a stick and a canvas snow mat which serves as a plane
of measurcment. Given a level arca, therefore, and one
on which the snow is evenly deposited without the in-
equalities resulting from wind action, the measurement
of the depth of the snow on the ground is comparatively
simple.

dc)wever, the complete measurement of precipitation
falling in the form of snow involves a measurement of the
water content of the snow. Since the usually adopted
rativ of 10 parts of snow being equivalent to 1 part of
water is only occasionally true it is apparent that the
fuudmnental problem is that of a proper *‘catch” of the
snow in a suitable instrument. Its subscquent conser-
vation and measurement is not a very difficult matter,
The wind is the most troublesome of the disturbing
factors. Regarding this problem Prof. Marvin las laid
down the following general propusitions:

1. In calms and very light winds all gages of reason-
able form and dimensions and in similar locations cateh
sensibly true and equal depths of precipitation.,

2, In moderate, Lrisk, and high winds the catch of
gages not screcned or protected hecomes more and more
deficient with the inercase in the force of the wind.

3. The deficit in cateh due to wind is greater for snow
than for rain.

4. In collecting rain the deficit in eatch, even in strong
winds, can he reduced to a relatively small percentage by
the use of appropriate wind shields, fences, and other
protective barriers, such as have heen successfully em-
ployed by Nipher, Hellmann, and others,

5. Additional careful cxperimentation is needed to
perfect and improve wind shields and to demonstrate
that gages so protected colleet snow satisfactorily on
windy oceasions,

At Blue Canyon and at Suminit the Marvin shiclded
rain-and-snow-gage has been in use for several years.
(See fig. 11.)  In this instrument, which is 9 feet in height,
the collector consists of a cylindrical can, 42 inches deep
by 10.85 inches inside diameter, around the mouti of
which there is a double arrangement of wind shields. To
make a measurement the collector is hung upon a spring
balance whose dial has been altered to 1"encll directly in
inches and hundredths of water (or melted snow), a tare
allowance being made for the empty collector. At Blue
Canyon the gage has given reasonably satisfuctory results,
the only difficulty experienced being due to the fact that
wet, sticky snow sometimes adheres to the inside top por-
tion of the collector. On one occasion during the past
winter a sheet of frozen snow formed completely across
the mouth of the collector, while on six other occasions
there formed an annular sheet of such width that the
“eateh” was appreciably deficient. At Summit, on the
other hand, the gage, even though constructed in the
massive proportions given above, has proved inadequate
broperly to measure the excessive snowfall.  (See fig. 7.)

here snow accumulates on the ground to a depth of 20
feet almost every winter; on March 10, 1911, 25 feet 7
inches of snow covered the ground. These measure-
ments are made on level ground, and are not in drifts
or banks. It is apparent that a gage of huge proportions
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F1G. 1.—Snow fields near the summit of the Sierra Nevada.

F1G. 4.—One-story cottages buried to the eaves by snow.

F1G. 3.—Street scene in TTobart Mills, Cal., in winter.

F1g. 8. — Winter scene at Hobart Mills, Cal., near Truckee, Cal. Row of one-story houses
buried in the level snow.

7.—Summit Hotel at Summit, Cal. (Donner post office), March 18, 1911. _A three-

FiG.
story building w hose first story is buried under the 26 feet of snow covering.
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is demanded in snow of so great a depth. When the
writer went officially to inspect this station on March 4,
1915, it was with some difficulty that he located the gage,
as it was completely submerged in the snow, its topmost
point being 19 inches below the snow surface.

The density rather than the depth of the snow is, after
all, the important matter. The water content, both of
newly fallen snow and of that on the ground at any one
time, is the information desired by most people. For
new snow the Marvin shielded gage, referred to above,
is perhaps the most satisfactory instrument yet devised.
For determining from time to time the water available
in snow remaining on the ground many and various meth-
ods have been tried.

Investigators agree that a desirable method is to carefully weigh an
accurately measured volume, Mr, G. H. Willson,? section dirertar for
California, has long been of the opinion that the hest methed of deter-
mining the water available in snow on the ground is to secure the mean
weight of a cubie foot of snow throughout a vertical section of the snow
cover. His conclusions have the hearty approval of many engineers
and other practical men interested in this problem. In theory the
method is perfect. In practice, however, great difficulties are en-
countered, and the method is not recommended for general use. It is
inapplicalle when the snow is soft, the consistency of the snow render-
ing it impossible to get cubes. Moreover, in any kind of snow care is
required to form perfect cubes, exactly 1 foot in every dimension, in
order to produce reliable resuits. Ifurthermore, the method is exceed-
ingly lahorious, particularly wlien the snow is deep, and it often requires
more time than the cooperative ohservers care to give to the work.

The method of measuring the weight of a pailful of
snow, reading the density directly on a suitably marked
spring balance, and then multiplying the depth of the
layer by the density thus determined, has some ad-
vantages. But when the snow is deep and has within it
ice strata or layers of varying density, as is frequently
the case, considerable labor is involved in securing the
true average density with the snow pail. The method of
cutting out and measuring tubular sections? has been
used successfully by Prof. J. E. Church, of the University
of Nevada, in extensive observations in the Sierras in
snow 20 to 30 feet deep. Prof. Church introduced the
use of the spring balance for effecting the measurements
and otherwise improved the whole apparatus. In Cali-
fornia there is a growing demand among mountain snow-
fall observers for some practicable accurate method of
measurement.

CONDITIONS ACCOMPANYING HEAVY SNOWFALL.

It might be contended that the data of heavy snow-
fall here given are baused upon measurements made in
canyons and gulches, where the wind has transported
the snow, and the figures are therefore misleading.
This is not true, however. During the pust winter, at a
time when 192 inches of suow covere(]l the ground at
Summit, eight measurements of the depth of snow on
level ground at widely separated points on the mountains
in the vicinity of the station were made, with the result
that the depths varied only from 190 to 194 inches--
that is, but 2 inches on each side of that at Summit. It
should also be stated that, as its name indicates, Summit
is located at the very apex of the mountains, at the
highest point on this branch of the Southern Pacific
Railroad. While the exposure is not exactly that of a

eak, there is no point in the vicinity more than a few
Eundred feet higher than the level plot where the snow
measurements are made. As a matter of fact the
winds at these elevated stations are always relatively
light and are in marked contrast with velocities recorded

1 See remarks by Mr. Willson at end of this paper.
2 See Prof. Henry's remarks at end of this paper.
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at high stations in the northeastern part of the United
States. Based upon the 3 p. m. (Pacitic time) observa-
tions telegraphed daily to the San Francisco office, the air
at Summit was absolutely calm on 44 of the 90 days, or
19 per cent of the time constituting the first three months
of 1915. The extremely high wind velocitics which often
occur in winter in the White Mountains of New Hampshire
are unknown in the Sierra Nevada of California. The dif-
ferenee in velocities is probably explained by the differ-
ence in distance from storm tracks, the White Mountains
being closely adjacent to the numerous storms passing
down the St. Lawrence Valley, while the Sierra of Cali-
fornia is hundreds of miles south of most storms, and the
intervening areais one of uneven topography. As further
evidence of the absence of strong wind accompanying
snowfall in the Sierras the following is given: When
the writer inspected thestation at Blue Canyon onMareh 3,
1015, he observed that the ground under the pine and
spruce trees in the vicinity was perfectly bare, while 60
inches of snow covered the ground elsewhere.

By actual measurement o civeular area 9 feet 7 inches
in radius was found under o large pine tree to be entirely
free from snow, while all about it the snow was 5 feet
deep.  The snow, falling in straight lines through practi-
cally calm air, is caught by the branches and when the
sun reappears later it melts and the drops of water fall
to the ground there melting the small amount of snow that
may have accunulated.

PRESSURE RESULTING FROM DEEP SNOW,

To one who has never ohserved snow of greater depth
than 4 or 5 fect, the pressure exerted by a snow cover 15
to 25 feet in depth is almost beyond comprehension.  One
might naturally infer that the pressure sustained by any
object submerged in the snow is simply that of a vertical
section of the snow above it.  While this may be true for
freshily fallen snow of superficial depth it is not true for
deep snow which has been deposited in installments and
which has intermittenily been subjected to freezing and
thawing, as is the case in the high Sierras. The following
examples of the tremendous pressure of deep snow will
suffice: The Marvin shiclded rain-and-snow-gage at
Summit (see fig. 7), though substantially constructed of
steel and shect iron, was found to be a complete wreck
when it was dug out of the snow on Mareh 4 last. In the
language of the observer, “It appeared as though a
cyelone [i. e, tornado] had struck it.”  The wind shields
had been eompletely stripped off by the weight of the
snow, the guy wires were hroken, and the collector had
been forced off its pedestal and was lying on the ground
beneath. At Blue Canyon a fence, recently built around
the railway station, had for its horizontal bars some dis-
carded locomotive boiler flues, 2 inches in diameter.
These tubes, made of a good guality of steel, were about
S feet in length. When the heavy snow came, the vertical
pressure it exerted upon these horizontal bars was so great
that they were hent to such an extent that they fell to
the ground from their sockets in the wooden posts.

The great pressure exerted upon subierged objects by
deep snow is worthy of further consideration. It appears
that when the sun emevges after a heavy snowfall t-llle sur-
face stratum is partially melted but freczes to a hard erust
after sunset. As this process is repeated day after day
and the snow decreases in depth, irrezularities appearing
on the surface show that the snow over most submerge
objects melts less rapidly than elsewhere. Humps on
the snow surface usually mark the positions of objects be-
neath. When freezing of the surface stratum folI]ows the
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noonday thaw, the weight of the frozen crust is borne by
the submerged object, not only the crust directly over it,
but also that for many square feet in every direction. More
snow falls and the increased weight must be horne hy the
object beneath. The process is repeated over and over
again, and if the snow becomes sufliciently decp the sub-
merged object is either crushed or forced to the ground.
A vertical post deeply submerged in snow is in some
respects like a toadstool, in that it must sustain the weight
of a large disk which rests horizontally upon.the top of
its vertical axis.

THE ECONOMICS OF DEEP SNOW.

It is readily apparent that snow of so great a depth as
that which falls m the Sierra Nevada Mountains must
vrofoundly affect the economics of that region.  Of these
mfluences the most interesting perhaps are those affecting
the railroads and their operation. In order to operate
during the winter months, the Southern Pacific Company
has found it necessary to construct 32 miles of snowsheds
between Blue Canyon and Truckee, at a cost of $42,000 a
mile over sing]e. track and £65,000 a mile over double
track. (See figs. 2, 6, and 9.)  On an average, $150,000
a year is spent for upkecp and renewals, the expenditure
for 1914 having been $65,G00 for repairs and $91,000 for
renewals. The average lifc of a shed i3 22 years. They
are built of massive timhers and are designed to sustain
snow 16 feet in depth. When the snow gets deeper than
16 feet it must be s]hm-'c-.lml off by hand. At certain points
where the railway is located along steep slopes thousands
of tons of snowslide over the tops of the sheds every winter.
At these places a kind of apron, technically known as a
“backoff,”” 30 to 40 feet in length, iz built on the upslope
side of the shed in order that the snow may slide harm-
lessly over the top. Even though timbers 127% 14" in
cross section were used in its construction, 48 feet of
snowshed near Blue Canyon collapsed because of the weight
of the snow on February 15, 1915. The fire hazard is
naturally great. For fire-fighting apparatus four trains in
summer and two trains in winter are kept under constant
steam. All lveal engines carry puinps, and are followed
by tank cars filled with water for fire-fighting purposes.
Concerete snowsheds have been built on other railroads to
offset the fire hazard, but their initial cost renders that
form of econstruction almost prohibitive. One other
feature of this region is noteworthy. Flat-roofed houses
are conspicuous through their absence.
all houses, and particularly dwellings, are built at sharp
angles in order that the snow may slide off easily.

HBISTORICAL INFLUENCES,

Needless to add, the deep snows of the high Sierras
have played a part in the history of tho State of Cali-
fornia. "While the mountains thomselves acted as »
barrier, the deep snows made them well nigh impassablo
for about six months of the year. One incident in the
early history of California ix significant in this connection.
For several years preceding the discovery of gold in
California in 1848, there had been an increasing number
of settlors coming from all over the continent. In the
summer of 1846 the influx had been unusually large,
several hundred immigrants having come via Truckee,
along the route now marked by the Southern Pacitic
Railroad. The Donner party, consisting of 83 persons,
accompanied by a numcerous caravan of ‘prairie
schooners,” cattle, ete., had hoen delayed by mishap
and dissension en route, On October 31, 1846, they
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started the steep ascent on the eastoern side of the Sierras.
A fow days later, when they had advanced no farther than
a small lake (now known as Donner Lake) but a few
miles from Truckee, a typical winter storm brought snow
of so great a depth that the horses and cattle were sub-
merged and frozen, and the party was cast into despair
at the prospeet of spending a winter without shelter or
provisions.  The deeper snow of the higher altitudes
rendered advancement almost impossible, while retreat
appoared to be hopeless. The garrison at one of the
('_‘-u.iifm-niu forts, anticipating the distress of the Donner
party, senttwo Indians with provisiqns foritsrelief. When,
i midwinter, the food supply again ran low, a group of
22 desperate men, known to posterity as the ‘‘Forlorn
Hope,” started to cross the summit of the mountains.
Of these, but 7 eventually reached the fertile Sacramento
Valley. * * * Death also reduced the number of
those encamped at the lake. From time to time other
parties attempted the apparently impossible feat of
crossing the mountains. n February 19, 1847, 22 fect
of snow covered the ground in the vicinity of the camp.
When suecor finally came in the late winter, but two men
were found alive. * * * Of the 83 who started the
ascent the preceding October, 42 perished during the
fateful winter. The story of the privations of the
Donner party is one of the most pitiful tales in American
history.

Modern methods of transportation have now eliminated
the barrier of the snows. In the construction of the
various railroads, engineering feats of high order were
necessary to contend with previously unheard of depths.
While the part played by the snow is not so spectacular
at the present time as it was during the days of the
pioneer, the influence is none the less important. Modern
practices have changed the snow that was formerly an
mpediment to progress, into one of the valuable re-
sources of the Commonwealth of California

DISCUSSION.

1. The method of cutting out a tubular section of
snowfall and determining the water content by melting
s suggested in 1882, in Instructions for Voluntary
Observers of the Signal Service, Washington, 1882,
page 74: but the practical application of the idea of de-
termining the water equivalent of snowfall on the ground
by weighing a tubular scetion was first worked out by
Mr. Robert E. Horton at Utiea, N. Y., in the winter of
19034 (Monthly Weather Review, 33: 196.) Later the
method was successfully used by the Weather Bureau on
the recommendation of Prof. H. C. Frankenfield, and ap-
paratus to carry out the idea was devised by Prof. C. F.
Marvin, as described in Instrument Division Circular E
(3d ed.), Measurement of Precipitation. Prof. J. E.
Church, jr., of the University of Nevada, Reno, Nev., in-
troduced the use of a spring balance and otherwise de-
veloped theapparatus, especially with reference to its
nse in very deep snow banks, such as are found in the
sSierra Nevada.  Prof. Churel’s apparatus is deseribed and
illustrated in the Quarterly Journal of the Royal Meteoro-
logical Society (London) for January, 1914, also in Meteor-
ologische Zeitsehrift for January, 1913, and in Scientific
American Supplement for September 7, 1912,

The most cfficient and accurate apparatus for the pur-
puse of determining the snow density where the depths
are not excessive is doubtless that devised by Mr. B. C.
Kadel, while in charge of the experiment station main-
tained jointly by the Korest Service and the Weather
Bureau at Wyagon Wheel Gap, Colo., in 1911.
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F1G. 10.—Blue Canyon, Cal., during the winter of 1893-94.

F16. 9.—Entrance to Southern Pacific Company’s snowsheds, Blue Canyon, Cal.,
1889-90. Snow is 165 inches deep on the level.

F1G. 12.—A railroad push plow clearing the tracks of the Southern Pacific Company
FiG. 11.—The Marvin shielded rain-and-snow gage in operation at Blue Canyon, Cal. near Hobart Mills, Cal. Note depths at side of cleared tracks.
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The following description of the Kadel apparatus is
%tﬁafted from an unpublished manuseript by Mr.
adel:?

For the purpose of obtaining samples of snow, tubes of No. 16 gauge
galvanized iron, with an inside diameter of 5.9+ inches, which gives
the relation 1 pound of snow equals 1 inch of water, were used. Each
tube consists of a. 2-fodt section and a 3-foot section, with a notched
collar attached to the 2-foot section in such fashion that both tules
may he joined together. When a sample is desired, the tube is set
down rather forcih:ly into the snow, so that the lower end rests on the
ground. A specially designel auger is then screwed down throngh
the imprisoned snow to the bottom, when a pin that passes through a
hole in the auger handle rests on the top rim of the tithe. The whole
is then withdrawn by lifting the tube. the weight of the auger and the
snow saniple heing squorted by the cross pin. The snow is then
emptied into a pail and weighed on a spring halance.

The apparatus above described is shown in figure 13,
It leaves no uncertainty as to the accuracy of ale_ﬁnz_tl
results after the sample has been taken, and likewise it
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F16. 13.—The Kadel snow sampler.

is always possible to secure an unbroken sample, even
when the snow is loose and granular in structure.

Some comparative measurements were made at Wagon
Wheel Gap, Colo., under uniform conditions of depth and
texture of snow, using the three different forms of snow
density apparatus then available, viz, (1) the Kadel ap-

aratus, diameter of collecting tube 5.94 inches: (2) the

eather Bureau apparatus, diameter of collecting tube
2.75 inches; (3) the Church apparatus, diameter of cut-
ting edge 1.5 inches. The records of these measurements

3 See also this REVIEW, January, 1913, 41: 160, 2d col.
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differed considerably among themselves, the maximum
difference amounting to 16.7 per cent, but the Kadel
apparatus seemed to give more consistent results than
did the apparatus having a relatively smaller collecting
tube.  The problem of developing a portable density
apparatus is still receiving the attention of the bureau.—
A Henry.

2. The idea of obtaining the density of the snow in
Nevada by cutiing out enbes of 1 foot each from the dif-
ferent depths in the snow bank and weighing them, orig-
inated with Mr. W. I1. Kirkbride, division engineer of the
Southern Pacitic Co., who is in charge of that division of
the railroad crossing the sierra.  In January, 1914, while
on an inspeetion tour at Summit, Placer County, Cal.,
he caused a cubic foot of snow to be cut from each of
dificrent depths in the snow bank and had them
weighed. The Weather Burcan ohserver at that station,
E. F. Stewart, included the results in his snow report to
this office for that moenth.

I then requested other observers in the high Sierra,
where the snow packs solid, to make similar tests, and
these have been carried out quite regularly since Febru-
ary, 1914, The snow that fz\ﬁs in the Sierra is very wet;
in" the higher levels. it soon packs and freezes solid, thus
there is but little difficulty experienced in cutting out
blocks of any desired size and shape from levels a foot
or so below the surface. The surface layer is not always
so firm, and often one can not cut cubes from it.

I believe that this methaod of determining the snow
density (water cquivalent) is not applieable in many see-
tions of the country, hecause the dryvness of the snow does
not permit it to pack firmly or solidly, as it does in the
Sicrra Nevada. In fact, in those mountains the snow
that falls during very cold weather and during northeast
(dry) winds will not admit of the use of this method, but
these conditions oceur so rarely that they may well be
neglected.

‘here is one objection that may be raised against this
method, viz, the cubes may not always be cut with abso-
lute exactness.  Probably this is the fact in many cases:
but if there is any error it will fall as often on the plus
side as on the niinus side, and as these measurements are
made at widely separated stations, the natural variations
in the snow density probably more than mask any slight
inaccuracies of the method which is only intended to
secure approximate results.  Even the most exact meas-
urcments made by any method would only result in
approximately correet data. heeause of the immense area
of the snow fields and the few tests that could be available,
under any conditions, on which to base a result. The
real and great objections to the method lie in the difficulty
of digging deep into the hanks of snow for the purpose
of securing several samples at diffcrent depths, and the
necessity of waiting to make the samplings until the
snow packs.

The real merit of this method over all others is that
when the snows are satupled al several different depths
it. shows up the ice strata in the cover and thus affords a
basis for forcasting the rate of melting. The merit of the
method is hest attested by the approval it has received
at the hands of such eminent engineers as (. E. Grunsky,
president of the American Kungineering Corporation; H. 8:
Vensano and A. L. Trowbridge, of the Pacific Gas &
Electric Co.: and its originator, W. H. Kirkbride, division
engineer of the Southern Pacific Co.—G. H. Willson.




